Abstract. Cell adhesion, important for maintaining tissue architecture, plays a role in numerous cancers and particularly in tumor progression. In the present study, we investigated perturbations in the expression of two important adhesion proteins, epithelial (E)-cadherin and CD44v6, in esophageal carcinoma (EC). EC specimens were obtained from 42 patients undergoing resection of EC; both cancer and adjacent normal tissue were collected. Expression of E-cadherin and CD44v6 was detected by immunohistochemistry and the correlation between the expression of these two proteins and their individual relationships with pathology were determined. E-cadherin expression in EC tissue was significantly less common than in adjacent normal tissue. Furthermore, absence of E-cadherin expression was correlated with infiltration depth, lymph node metastasis, distant metastases and TNM stage (P<0.05), but not with gender, age, differentiation or tumor size. By contrast, CD44v6 expression in EC was significantly higher than that in adjacent normal tissue and was correlated with differentiation, distant metastases and TNM stage (P<0.05), but not with other clinicopathological parameters. Additionally, we observed a negative correlation between E-cadherin and CD44v6 expression in EC (P<0.05). Based on their correlations with pathology, we suggest that the expression of E-cadherin and CD44v6 is important roles in promoting the infiltration and metastasis of EC.
Introduction
Esophageal carcinoma (EC), affecting the gastrointestinal tract, is the fourth most lethal malignancy, with an average annual mortality rate of 14.59/100,000 (1) . As with many cancers, invasion and metastasis of these malignant tumors are the leading causes of mortality, posing one of the biggest challenges in the treatment and survival of this cancer.
One factor known to promote both invasion and metastasis is the loss of cell adhesion. Cell adhesion maintains the architecture of tissues by linking cells together or to an extracellular matrix. The aberrant expression or function of cell adhesion molecules results in loss of this architecture, providing an opportunity for tumor cells to invade and spread (2) . For example, the CD44 cell adhesion molecules, which anchor cells to matrices, are closely correlated with invasion and metastasis of a number of tumors and are abnormally expressed on their cell surfaces (3) . One splice variant, CD44v6, is highly correlated with the metastasis of various malignant tumors and serves as a key indicator for prognosis of patients with tumors (4) . Another class of cell adhesion molecules, cadherins, which typically mediate adhesion between cells of the same type (5), have also been associated with cancer. Epithelial cadherin (E-cadherin) was identified as an important marker in evaluating tumor invasion and metastasis, and has been widely studied in various malignant tumors (6) (7) (8) . Although E-cadherin is a tumor suppressor, loss of function of this cell adhesion molecule promotes tumor progression (9) .
Recent studies have demonstrated associations between the loss of cell adhesion and the invasion or metastasis of EC (10) . We investigated the expression of the cell adhesion molecules E-cadherin and CD44v6 in both EC and normal adjacent tissues. In particular, the correlation between the expression of these two molecules, their relationship with clinicopathological parameters and their role in the development and progression of EC were assessed.
Materials and methods
Patients. EC specimens were obtained from 42 patients undergoing resection of EC in the Affiliated Jangyin People's Hospital of Southeast University Medical College; adjacent normal tissue was also acquired. Patients included 24 males and 18 females, aged 46-72 years (mean, 60.4±7.4). Cases were categorized according to the WHO pathological classification criteria (12) , as: highly, moderately or poorly differentiated; infiltrated to the submucosa, to muscle or to the outer layer; tumor size <5 or ≥5 cm; lymph node metastasis or no metastasis; distant metastasis or no distant metastasis; and clinical stage I and II or III and IV.
Experimental methods: Immunohistochemistry. Streptavidinbiotin-horseradish peroxidase complex (SP method; Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used for immunohistochemistry of E-cadherin and CD44v6. Briefly, tissues were formalin-fixed, dehydrated, embedded for sectioning at 4 µm, and sections were placed onto glass slides by conventional methods. Sections were dewaxed with dimethylbenzene, dehydrated by alcohol gradient and soaked prior to antigen retrieval by high temperature. Subsequently, 3% hydrogen peroxide solution was used to block endogenous peroxidase activity; sections were covered with non-specific serum, placed in a humidified chamber and incubated at room temperature. Primary antibodies (E-cadherin or CD44v6; Santa Cruz Biotechnology) were added and slides were incubated at 4˚C overnight. Slides were washed with (PBS) three times and biotinylated secondary antibodies were then added for incubation at room temperature. Slides were washed with PBS three times, treated with with streptococcus avidinperoxidase and incubated at 37˚C for 30 min. Following DAB reaction, staining was visualized by light microscopy. Sections were counterstained with hematoxylin and sealed with neutral gum. Positive tissue sections were used as a positive control, and PBS was used in place of primary antibodies as a negative control.
Ten high-power fields (x400) were selected for each case; 100 esophageal squamous cells were counted per field. Positive E-cadherin staining appears as brown granules, mainly located in the cytoplasm but also expressed in nuclei. Positive CD44v6 staining appears as brownish-yellow granules in the cell membrane. Staining results were classified according to intensity and proportion of positive cancer cells. For staining intensity, scoring was as follows: 0 indicated colorless, 1 indicated light brown, 2 indicated moderate brown and 3 indicated dark brown. For the number of positive cells, scoring was as follows: a ratio of positive to total cancer cells <25% was scored as 0; 25-50% was scored as 1, 50-75% was scored as 2 and >75% scored as 3. Scores were added together for the final determination: <2 was considered negative (-), 2-3 was considered weak positive (+), 3-4 was considered positive (++) and ≥4 was considered strong positive (+++).
Statistical analysis. SPSS 13.0 statistical software was used for statistical analysis. The χ 2 test was used to compare E-cadherin and CD44v6 expression, and Spearman's rank correlation was used to analyze the correlation between E-cadherin and CD44v6 expression. Analysis was performed with two-sided tests, with α level 0.05. P<0.05 was considered to indicate statistical significance.
Results

Altered E-cadherin and CD44v6 expression in EC.
Histopathology of EC tissue demonstrated brown granules within the cytoplasm and nuclei, indicative of E-cadherin expression, and brownish-yellow granules in the cell membrane, indicative of CD44v6 expression (Fig. 1) .
Quantitative analysis of protein expression revealed differences in the expression of cell adhesion proteins between adjacent normal tissue and EC tissue. E-cadherin was detected in only 20 samples (47.6%) of EC tissue, but in 35 samples (83.3%; Table I ) of normal adjacent tissue. Thus, E-cadherin expression was significantly less common in EC (χ 2 =12.428, p=0.006). In addition, loss of E-cadherin expression in EC tissue was correlated with several pathological parameters, including depth of invasion, lymph node metastasis, distant metastasis and clinical stage (p<0.05), but not with gender, age, differentiation degree or tumor size (Table II) .
By contrast, CD44v6 was significantly more commonly detected in EC tissue than in adjacent normal tissue. CD44v6 expression was detected in 36 samples (85.7%) of EC, compared to only 6 samples (14.3%) of normal adjacent tissue (χ 2 =44.967, p=0.001; Table III) . Moreover, CD44v6 expression in EC was correlated with differentiation degree, distant metastasis and clinical stage (p<0.05), but not with gender, age, depth of invasion, tumor size or lymph node metastasis (Table IV) .
Correlation between expression of E-cadherin and CD44v6 in EC.
Expression of E-cadherin and CD44v6 was not only altered in EC tissue, but a negative correlation was also found between them (r=-0.607, p=0.001), such that E-cadherin expression weakened with an enhanced expression of CD44v6 (Table V) .
Discussion
EC is one of the most common tumors in clinical practice and its development is extremely complex, involving multiple stages and genes. Invasion and metastasis are the main biological characteristics of EC, as well as the main causes of treatment failure and mortality. Invasion and metastasis are also highly intricate processes with multiple steps, factors and effects. Thus, investigation into the mechanisms and prevention of invasion and metastasis constitutes an important aspect of cancer research.
Loss of cell adhesion is one factor known to promote invasion and metastasis. Several different cell adhesion molecules exist, a number of which are involved in cancer development and progression. One type of cell adhesion molecule, E-cadherin, is a transmembrane protein primarily found in epithelial cells that functions in cell-cell contact and maintains epithelial cell morphology and structural integrity (13) . Loss of E-cadherin expression results in decreased adhesion between cells, leading to cell dispersal and invasive growth towards the periphery; once conditions are ideal, cells break away from the primary tumor and metastasize. This phenomenon has been observed in nasopharyngeal, ovarian, bladder cancer and pancreatic ductal adenocarcinoma (14-17). Herein, we extend the importance of E-cadherin to EC, since E-cadherin was (18) . Furthermore, absence of E-cadherin expression in EC was correlated with depth of invasion, lymph node metastasis, distant metastasis and clinical stage, indicating the relationship between loss of E-cadherin, and therefore loss of cell adhesion, and the invasion and metastasis of EC. CD44s are another family of cell adhesion molecules that have been implicated in cancer. Owing to numerous splice variants, CD44 mediates different functions on different cells. In the physiological state, CD44 is mainly involved in inter-cell and cell-mesenchyma adhesion and mediation of lymphocyte homing and cell migration. One variant, CD44v6, changes the composition and function of adhesion molecules on the tumor cell surface of the tumor, which increases the invasive and metastatic abilities of tumor cells (19) . Recent studies have confirmed that the overexpression of CD44v6 is closely correlated with incidence, development, invasion and metastasis of tumors (20, 21) . In this study, we found that CD44v6 was more commonly expressed in EC tissue than in adjacent normal tissue, consistent with the findings of Li et al (22) . Furthermore, CD44v6 expression was correlated with differentiation degree, distant metastasis and clinical stage. Thus, CD44v6 expression promotes the incidence, development and metastasis of EC and may therefore be useful as an indicator of prognosis in patients with tumors. In addition to these findings, we identified a negative correlation between E-cadherin and CD44v6 expression in EC. E-cadherin and CD44v6 may therefore have negative synergistic effects in the pathology of EC: loss of E-cadherin and up-regulation of CD44v6 promotes the invasion and metastasis of tumor cells.
In conclusion, since the expression of E-cadherin and CD44v6 in EC is altered, detecting this expression may help determine the biological behavior, invasion and metastasis of these tumors. Additionally, these molecules may serve as reference indicators for prognosis evaluation of patients with EC, aiding in the treatment and potentially improving the efficacy and survival rate of this disease.
